This study was intended to investigate into the incidence rates of deep vein thrombosis (DVT) in patients who used prophylactic antithrombotic medications after total knee arthroplasty (TKA), and to compare clinical results in groups treated with Rivaroxaban versus Dalteparin sodium as prophylactic antithrombotic medications. This prospective study was performed in 300 patients who underwent TKA between November 2011 and December 2012. The prophylactic therapy was given to 150 patients in Rivaroxaban group and Dalteparin sodium group, respectively. In addition, intermittent compression pump and stocking were used in all the groups immediately after TKA. In order to determine the incidence of DVT, color Doppler ultrasonography, D-dimer, and clinical symptom examination were conducted. There were 17 cases (11.3%) of DVT in Rivaroxaban group and 18 cases (12.0%) of DVT in Dalteparin sodium group after TKA, and no significant difference was seen between both groups. Between patients with DVT and those without DVT after TKA at 4 days in both groups, there was a significant difference in the swelling indices. Moreover, a significant difference was observed in the evaluation of bruise. The early signs of DVT after TKA are unknown, however, some initial clinical signs such as swelling have been observed. After using the said prophylactic drugs, the lower incidence of DVT was seen, and there was no difference between the types of drugs. Pharmacological therapy (either Rivaroxaban or Dalteparin sodium) after TKA is considered effective for DVT prevention. There is also a need to consider constant monitoring of clinical symptoms.
Introduction
As South Korea is becoming an aging society, a growing number of elderly people suffer from diseases. As a typical degenerative disease, degenerative arthritis usually has great influence on the patient's daily life due to its severe pain. For this reason, some patients with early knee osteoarthritis take medication and physiotherapy that can help to reduce pains, and the number of patients with end-stage knee osteoarthritis undergoing total knee arthroplasty (TKA) is on the rise. Accordingly, complications following TKA are actively discussed and studied.
Especially, DVT is a relatively common complication in orthopedic surgery, and in severe cases, it causes a pulmonary embolism. The clinical features of DVT are non-specific and asymptomatic despite some symptoms such as pain, swelling, heat, tenderness or redness in the lower leg. Thus, early detection and prevention of DVT are critically important.
Some studies reported that when prophylaxis was not used, 40% -80% of the patients developed DVT and 0.5% -2% developed fatal pulmonary embolism [1] . However, a combination of two prophylaxes-mechanical thromboprophylaxis (i.e., compression stockings, early walking, and/or intermittent pneumatic compression pump) and pharmacological thromboprophylaxis (i.e., aspirin, low molecular weight heparin, waparin, and/or dextran) have reduced the incidence rates to 15% -30% in the Western countries [2] [3] . Kim et al. reported that the importance of preoperative prophylaxis has not been emphasized owing to 10% -20% of low incidence rates. Nevertheless, up to 40% of incidence rates are currently reported along with the steadily increasing frequency in the Eastern countries [4] .
In the past few years, several new oral anticoagulants have been developed. Most of these drugs focus on directly inhibiting either Factor Xa (Rivaroxaban, Apixaban, and Edoxaban) or thrombin (Dabigatran). The benefits of these drugs include easy administration (oral versus intravenous or subcutaneous), no need for routine monitoring, and improved safety profiles [5] - [7] .
Rivaroxaban has been approved as a treatment option indicated for DVT prevention after some orthopedic surgical procedures in the United States, Canada and Europe. Also, in September 2011, the US FDA approved Rivaroxaban for the reduction of stroke and thrombosis in atrial fibrillation patients as well as for the prevention of thrombosis in patients undergoing total knee or hip arthroplasty. A rise in demand for the said medication was also observed in South Korea. In 2011, Patel, M.R., et al. reported that there was no statistically significant difference in stroke, systemic embolism, major bleeding and non-major bleeding among Rivaroxaban, direct factor Xa inhibitor, and warfarin. Rivaroxaban reduced intracranial and fatal bleeding, compared with warfarin [8] .
Dalteparin sodium, another prophylactic antithrombotic medication administered subcutaneously, has the advantage of relatively low drug interactions, and thus obviates the need to monitor blood coagulation. In addition, it has been widely used in clinical practice by virtue of well-established efficacy and stability [3] .
In this context, the present study examined the clinical results of medical therapies after TKA, and then compared the clinical results between the two groups treated with either Rivaroxaban (Xarelto ® ) or Dalteparin sodium (Fragmin ® ).
Materials and Methods
This study was approved by the Hospital's Ethical Committee at our institution, and all participants were provided with informed consent (ICF). We prospectively evaluated the data from 300 patients who underwent primary TKA from November 2011 to December 2012. They consisted of 38 men (12.7%) and 262 women (87.3%) with the mean age and body mass index (BMI) of 69.1 years (±6.9) and 26.2 kg/m 2 (±3.6), respectively. Their etiologies included degenerative arthritis (290 cases), osteonecrosis (8 cases) and rheumatoid arthritis (2 cases). The number of patients receiving either unilateral TKA or bilateral TKA (with an one-week interval) was 156 and 144, respectively. In bilateral TKA cases, the first surgery only was examined. The patients all used Scorpio NRG (Non-Restrictive Geometry, Stryker ® , Allendale, NJ, USA). Also, the TKA was performed under spinal anesthesia by a single surgeon. The patients were evenly divided into the Rivaroxaban group and Dalteparin sodium group, and each group with 150 patients showed similar distribution ( Table 1) .
The dose and duration of medication were prescribed correctly according to the guidelines of the pharmaceutical companies. When used as prophylaxis, Rivaroxaban is recommended to be used for 14 days, and Dalteparin sodium to be used for 5 days [9] - [11] . Accordingly, Rivaroxaban 10 mg was orally administered in Rivaroxaban group once daily from Day 1 to Day 14 after TKA, where as Dalteparin sodium was subcutaneously administered in Dalteparin sodium group at a dose of 5000 IU once daily from Day 1 to Day 5 after TKA. In addition, both intermittent compression pump and compression stocking were used in all the groups immediately after TKA, and knee joint exercise was performed using continuous passive motion (CPM) at Days 2 and 3 after TKA.
To analyze the correlation with risk factors affecting the incidence of DVT, demographic and clinical characteristics of patients including age, gender, BMI, diabetes, hypertension, hyperlipidemia, smoking and the history of lower limb surgery were examined. The clinical symptoms of DVT were examined at Days 4 and 9 after TKA. During examination of clinical symptoms, the severity of distal femoral pain and proximal tibial pain was assessed using a verbal rating scale (VRS) (0 = no pain; 1 = mild pain; 2 = moderate pain; and, 3 = severe pain) [7] . Thigh swelling was assessed by measuring the circumference of the thigh at a distance of 10 cm from the patella in both the lower limbs with and without the surgical site, and subsequently categorizing differences between the measurements into four grades (0 = no swelling; 1 = under 1.5 cm; 2 = 1.6 -3.0 cm; and, 3 = 3 cm or more) [12] . We measured respective factors on the distal femur and proximal tibia. The severity of thigh bruising was assessed on the basis of the criteria proposed by Warwick et al. [13] [14] . Specifically, it shall be 0 point for no color change; 1 point for light yellow; 2 points for dark yellow; 3 points for yellow in the area of at least three palms; 4 points for yellow-black; and, 5 points for yellow-black in the area of at least three palms. In addition, local heat around the patella was assessed and adjudicated as one of mild, moderate or severe in consideration for the patient's gait, exercise and fomentation just before examination of clinical symptoms, followed by checking the patient for a positive Homan's sign.
At Day 7 after TKA, the same radiologist examined the common femoral vein, superficial femoral vein, and popliteal vein using color Doppler ultrasound imaging to determine the presence of DVT.
The results of each group were expressed as mean, standard deviation and frequency (%), and statistical analyses of respective parameters were conducted using SPSS (18.0 for Windows, Chicago, Illinois) statistical software program. Risk factors seen in the two groups were analyzed with independent t-test at a significance level of p < 0.05.
Results

Incidence of DVT
There were 17 (11.3%, 17/150) cases of DVT in Rivaroxaban group and 18 (12.0%, 18/150) cases of DVT in Dalteparin sodium group after TKA. In Rivaroxaban group, there were 6 (11.8%) cases of DVT out of 51 patients who underwent unilateral TKA, and 11 (11.1%) cases of DVT out of 99 patients who underwent bilateral TKA, and no statistically significant difference was shown. In Dalteparin sodium group, the proportions of pa-tients developing DVT after the unilateral or bilateral TKA were 12.7% and 11.5%, respectively, and no statistically significant difference was observed. No statistically significant difference was observed in both groups, depending on average age, gender, and BMI. Additionally, no statistically significant difference was found in terms of diabetes, hypertension, hyperlipidemia, and smoking status that are generally considered as risk factors of DVT (p > 0.05) ( Table 2) .
Clinical Symptom Examination
The indexes of distal femoral pain in DVT and non-DVT patients were 1.1 and 0.8 in Rivaroxaban group. The index of proximal tibial pain was 1.5 in the DVT patients, which was close to light pain value, while it was 1.2 in the non-DVT patients. In Dalteparin sodium, the indexes of distal femoral pain in DVT and non-DVT patients were 1.1 and 1.0, respectively while those of proximal tibial pain observed were 1.2 and 0.8, respectively, indicating no statistically significant difference ( Table 3 and Table 4 ).
In Rivaroxaban group, the indexes of distal femoral swelling in DVT and non-DVT patients were 1.6 and 1.1, respectively at Day 4 after TKA, suggesting a statistically significant difference between the two patient groups (p = 0.014). Also, the indexes of proximal tibial swelling observed were 1.8 and 1.3, respectively, suggesting a statistically significant difference between the two patient groups (p = 0.001). In Dalteparin sodium group, the indexes of distal femoral swelling in DVT and non-DVT patients were 1.5 and 1.3, respectively, indicating a statistically significant difference between the two patient groups (p = 0.042). Additionally, the index of proximal tibial swelling was 1.7 in DVT patients, and 1.0 in non-DVT patients, thus implying a statistical significant difference ( Table 3 and Table 4 ).
In Rivaroxaban group, the indexes of bruise in DVT and non-DVT patients were 1.9 and 1.4 which were close to dark yellow when the seriousness of bruise was assessed at Day 4 after TKA (p = 0.024). In Dalteparin sodium group, the indexes of bruise were 2.5 and 1.7 in DVT and non-DVT patients, respectively (p = 0.077). Further, no statistically significant difference in bruise was observed between the two patient groups in Dalteparin sodium group that previously showed a significant difference ( Table 3 and Table 4 ).
In Rivaroxaban group, the indexes of local heat sensation were equivalent to 1.1 and 1.1 in DVT and non-DVT patients, respectively. In Dalteparin sodium group, the local heat sensation indexes were 1.4 and 1.1, respectively, which suggests no statistically significant difference.
The results of all the clinical symptoms, except for swelling, examined at Day 9 after TKA show no statistically significant difference in Dalteparin sodium group. Significantly different between the two groups, * = p-value < 0.05; ** = p-value < 0.001; *** = p-value < 0.0001. Significantly different between the two groups, * = p-value < 0.05; ** = p-value < 0.001; *** = p-value < 0.0001.
Discussion
The rate of post-TKA complications, composed primarily of ones associated with revision TKA, is estimated at 23.6% and is considered very high in recent years. Although the uncertain cause of DVT after TKA is complex and multifactorial, lower limb surgery itself may be one of the main risk factors of DVT. In this study, prophylactic medication was used to treat DVT after TKA, and then the clinical results were compared between Rivaroxaban group and Dalteparin sodium group. The incidence rate of DVT was 11.3% in Rivaroxaban group and 12.0% in Dalteparin sodium group, indicating that the incidence rate was 0.7% lower in Rivaroxaban group. However, no statistically significant difference was observed, and there was also no case of pulmonary thromboembolism in both the groups.
TKA itself is a risk factor of DVT because it may cause venous congestion, excessive clotting, and/or blood vessel intimal injury. In addition, many studies suggest that it is associated with such risk factors as age, gender, obesity, varicosity, hypertension, diabetes, mobility, and/or the duration of tourniquet use, though their relationship remains unclear [15] [16] . In this study, any statistically significant difference in these factors was not found between DVT and non-DVT patients.
DVT is difficult to predict its onset, and it is critically important to give timely treatments through early diagnosis. Therefore, it is crucial to carefully and closely monitor the postoperative clinical symptoms.
In this study, it was observed in Rivaroxaban group that the indexes of distal femoral swelling and proximal tibial swelling were significantly higher in DVT patients than in non-DVT patients at Day 4 after TKA. Similarly, in Dalteparin sodium group, the indexes of distal femoral swelling and proximal tibial swelling were higher in DVT patients than in non-DVT patients at Day 4 after TKA. When the severity of bruise was evaluated, no significant difference was observed in Dalteparin sodium group. By contrast, in Rivaroxaban group, the bruise indexes were 1.9 and 1.4 in DVT and non-DVT patients at Day 4 after TKA, and showed a statistically significant difference. Furthermore, there was no significant difference between DVT and non-DVT patients in other clinical symptoms, such as local heat sensation around the patella and the pains in the distal femur/proximal tibia. Also, at Day 9 after TKA, no significant difference in swelling and the degree of bruise was seen.
This study has the following limitations. First, we did not use venography for DVT diagnosis. Venography is a gold standard for DVT diagnosis, however this technique is invasive and requires the use of potentially hazardous contrast agents [17] . Since it might not be suitable immediately after TKA, we diagnosed DVT using color Doppler ultrasound imaging. Second, in spite of some studies reporting the delayed events of post-TKA DVT at up to Day 30, this study assessed only early events of DVT up to Day 10 [18] [19] . Nevertheless, the clinical symptoms and outcomes of DVT were carefully followed up in visits at Months 1 and 3, and no case of DVT was found. Finally, no comparison was made in terms of the dose and treatment duration of the prophylactic drugs administered. As this study was focused on the prophylactic effects of the two drugs, rather than the comparison in terms of dose and usage, it was deemed that there would be no decisive influence on the purpose of this study. However, it is considered that further studies need to be conducted with respect to the prophylactic effects on DVT based on dose and usage.
Following the prophylactic therapy after TKA, it was found that the incidence rate of DVT was 11.3% in Rivaroxaban (Xarelto ® ) group and 12.0% in Dalteparin sodium (Fragmin ® ) group which shows that the incidence rate was 0.7% lower in Rivaroxaban (Xarelto ® ) group, however no statistically significant difference was observed. There was neither event of DVT nor DVT-induced complication in all patients at Day 9 after TKA. There is also a need to take into account the constant monitoring of clinical symptoms in patients at high risk of thrombosis (that is, having thrombosis related risk factors). In conclusion, a pharmacological therapy (Rivaroxaban or Dalteparin sodium) after TKA is considered effective for DVT prevention.
